The Antarctic circumpolar ascidian Distaplia cylindrica harbors individuals of the amphipod Polycheria antarctica form acanthopoda that live in domiciles excavated by the amphipod. There was no evidence this amphipod consumed its host ascidian tissues. This burrowing association with D. cylindrica may provide an important structural or chemical refuge from prospective fish predators.
INTRODUCTION
Some members of the amphipod family Dexaminidae are considered inquilines, i.e., they tend to live in association with the tissues of sessile animals (Barnard and Karaman, 1991) . Representatives of the genus Polycheria are known particularly for their ascidiophilous behavior (Barnard and Karaman, 1991) , and have also been found to occur in association with a variety of sponges (reviewed in Table 4 , pg. 24, Foster, 2008) . Thus, it is perhaps not surprising that Bellan-Santini (1972) reported anecdotally that on 27 December 1964 she observed a total of 592 individuals of P. antarctica (Stebbing, 1875 ) (98.5% juveniles) occupying cavities they had excavated on the external surfaces of fragments of colonies of the ascidian Distaplia cylindrica (Lesson, 1830) found floating on the sea surface near Cape Géodésie, Adélie Land, Antarctica (66u409S, 139u519E). The only comment accompanying this observation was that it might help explain the ''vast distribution'' of P. antarctica. There have been additional observations of P. antarctica occurring in association with various sponges (Stebbing, 1906; Barnard, 1916 Barnard, , 1932 Arndt, 1933; Shoemaker, 1935; Bellan-Santini, 1972; Thurston, 1972; DeBroyer et al., 2001; Dauby et al., 2001; Lorz and De Broyer, 2004) , and in the case of P. antarctica f. acanthopoda, in association with an ''enormous white ascidian'' (Thurston, 1974) . However, to date there has been no further information reported about an association with the ascidian D. cylindrica. Despite the postulation of Bellan-Santini (1972) that dispersal in P. antarctica is facilitated by associating with D. cylindrica due to its propensity to become dislodged from the benthos and drift with currents around the Antarctic continent (Kott, 1969) , there are likely additional benefits to exploiting this ascidian as a domicile (McClintock et al., 2004) .
In the austral Fall of 2007, we observed brooding adult individuals of Polycheria antarctica f. acanthopoda (subsequently referred to as P. antarctica) living in association with D. cylindrica along the Antarctic Peninsula. Adult individuals were removed from the colony to examine their burrowing response. We also took advantage of a subsequent recruitment of juvenile individuals of P. antarctica to a colony of D. cylindrica in the laboratory to microscopically document their behavior in the burrow and describe their posture within their tunic domicile. We also evaluated whether they consumed ascidian tissue and whether ascidian tissues are unpalatable to a common omnivorous fish predator and may thus provide a prospective refuge for P. antarctica.
OBSERVATIONS
On March 3, 2007 we collected one colony of the ascidian Distaplia cylindrica (Fig. 1) using SCUBA from depths of approximately 30 m off Gamage Point, near the US Palmer Station, Anvers Island, along the western Antarctic Peninsula (64u469S, 64u039W). Upon discovering this colony harbored six brooding adult individuals of Polycheria antarctica ( Fig. 1 ) occupying cavities excavated in the tunic, we placed the isolated colony in a large container (30 3 30 3 20 cm) floating in a laboratory water table equipped with running ambient seawater held at 1uC. The females were observed for several days during which time one female died. On Day 4 from collection, the remaining five females were gently prodded out of their burrows and transferred into container with flow-through seawater and onto a portion of a freshly collected D. cyclindrica. Within two hours 2 of the five females had burrowed into the tunic. In both cases, the amphipods rotated on to their dorsum and appeared to pull themselves through the tunic, surprisingly, without the apparent use of their appendages other than to grip the tunic. On Day 6 only three gravid females remained alive and as before each was prodded out of the burrow for transfer onto a fresh piece of tunic. All three females ''pulled' themselves into the tunic within one hour.
On a separate occasion we discovered approximately 20 juveniles of Polycheria antarctica in a portion of D. cylindrica that had been floating in the water table for approximately one week. Fragments of Distaplia cylindrica with juveniles were floated in seawater in a glass finger bowl held on ice and observed under a dissecting microscope equipped with a video and still camera. Videos were taken of several juveniles to facilitate a description of their behavior in the burrow. Still photographs were taken to document and evaluate their posture within their individual domiciles. We also employed scanning electron microscopy to evaluate the morphology of the pereiopods used in maintaining the domicile. Specimens of P. antarctica were preserved in 4% glutaraldehyde in seawater for 3 h. This was followed by 3 seawater rinses and an ethanol dehydration series and samples then stored in 75% ethanol for transport. They were subsequently subject to complete dehydration in 100% ethanol, critically point dried, mounted on gold/palladium stubs, sputtercoated and imaged with SEM.
Our microscopic observations indicated that amphipods excavated oblong cavities whose dimensions were just sufficient to accommodate their torso and appendages in their entirety. Within their cavities, they displayed a resting position in their tunic domicile that consisted of laying upon their dorsum in an upside-down posture, with their pereiopods facing outwards (Fig. 2) . At least three pairs of pereiopods were positioned so as to grasp the rim of the cavity opening (Fig. 2) . Periodically, these pereiopods were used to varying degrees to open or close the cavity. The recurved morphology of the third, fourth and fifth pairs of pereiopods as shown in both light and SEM microscopy ( Figs. 1 and 2 ) facilitated this behavior. There was no evidence of amphipods feeding directly on the outer tissues of D. cylindrica.
To evaluate whether the ascidian domicile may provide a protective retreat from fish predation, feeding bioassays were conducted using 1 cm 3 pieces of the outer tissue of Distaplia cylindrica. Twelve individuals of the common benthic omnivorous fish Notothenia coriiceps (Richardson, 1844), an aggressive amphipod feeder (Casaux et al., 1990) , were collected within 1 km of Palmer Station and separated from one another in tanks using dividers (3 fish per tank) equipped with running seawater. Each fish was presented with either a piece of fresh ascidian tunic or a similar sized control alginate food pellet containing powdered krill (Euphausia sp.) at a concentration of 5% krill in 3.25% alginate. In each feeding trial, acceptance (mouthed and swallowed) or rejection (mouthed and spit out) responses were recorded. Nine fish rejected the fresh ascidian tissue, three accepted the tissue. Ten fish accepted the control krill pellet, two rejected the control. Thus, the outer tunic of D. cylindrica elicited a highly significant (P , 0.006, Fisher's Exact Test) deterrent response in N. coriiceps.
DISCUSSION
The present study provides the first definitive observation of an association between the amphipod Polycheria antarctica f. acanthopoda and the colonial ascidian Distaplia cylindrica. It is not possible to confirm whether the P. antarctica observed in 1964 by Bellan-Santini (1972) occupying floating colonies of D. cylindrica belonged to the form acanthopoda or one of the other five recently identified forms of P. antarctica (J. Foster, personal communication, 2008) . This is also the first confirmed record of self-excavated cavities for P. antarctica f. acanthopoda, as Thurston (1974) was unable to determine whether this species was sheltering in the siphonal apertures of individual zooids or living in self-excavated pits in the surface of a large unidentified white ascidian collected in Hope Bay, Graham Land, Antarctica. The specificity of the association between P. antarctica and the ascidian D. cylindrica is strengthened by our recent comprehensive survey of the amphipod fauna associated with common sponges of the western Antarctic Peninsula that revealed no representatives of the Polycheria (Amsler et al., in press ). The tunic burrowing behavior observed in the present study is similar to that documented for Polycheria osborni (Calman, 1898) that associates with the colonial ascidian Amaroucium sp. on the west coast of North America (Skogsberg and Vansell, 1928) . Additionally, Polycheria sp. has been reported in association with the ascidian Eudistoma sp. in the northern Gulf of Mexico (Foster, 2008) . All three species appear to use their pereiopods to grab and pull inwards to form burrows. Ultimately there is penetration of the tunic by P. antarctica f. acanthopoda and its domicile is within a punctured cavity within the tunic. All three congeners also employ an upside down posture, laying upon their dorsum, within their ascidian domiciles. They then use their pereiopods to open or close the burrow opening, an adaptation that is likely associated with providing protection from predators or other disturbances. Despite P. antarctica having direct access to the soft internal tissues of the tunic within its domicile, microscopic observations revealed no direct consumption of ascidian tissue. In our study, several individuals were seen manipulating a bolus of diatoms with their gnathopods indicating phytoplankton is a likely food resource. Similarly, Dauby et al. (2001) conducted gut content analyses of 12 individuals of P. antarctica and, finding mainly diatoms, concluded that suspension feeding was employed. In P. osborni, suspension feeding is accomplished by generating a current with the pleopods and capturing small phytoplankton on the lengthy first and second antennae and then wiping them across the gnathopods (Skogsberg and Vansell, 1928) . As evidenced by the strong rejection of bite-size pieces of the outer tissues of Distaplia cylindrica by the omnivorous fish Notothenia coriiceps, a burrowing association shared with D. cylindrica may provide an important structural or chemical refuge from prospective fish predators (McClintock et al., 2004; Huang et al., 2008) . Thus, not only would P. antarctica f. acanthopoda gain an advantage in its biogeographic dispersal via rafting of juveniles and brooding adults upon drifting colonies of D. cylindrica (Bellan-Santini, 1972) , but also do so while residing in a protective retreat.
